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Our survival and wellness require a balance between optimism and pessimism. Undue pessimism makes life miserable; however, 
excessive optimism can lead to dangerously risky behaviors. A review and synthesis of the literature on the neurophysiology 
subserving these two worldviews suggests that optimism and pessimism are differentially associated with the two cerebral 
hemispheres. High self-esteem, a cheerful attitude that tends to look at the positive aspects of a given situation, as well as an 
optimistic belief in a bright future are associated with physiological activity in the left-hemisphere (LH). In contrast, a gloomy 
viewpoint, an inclination to focus on the negative part and exaggerate its significance, low self-esteem as well as a pessimistic 
view on what the future holds are interlinked with neurophysiological processes in the right-hemisphere (RH). This hemispheric 
asymmetry in mediating optimistic and pessimistic outlooks is rooted in several biological and functional differences between the 
two hemispheres. Hie RH mediation of a watchful and inhibitive mode weaves a sense of insecurity that generates and supports 
pessimistic thought patterns. Conversely, the LH mediation of an active mode and the positive feedback it receives through its motor 
dexterity breed a sense of confidence in one's ability to manage life's challenges, and optimism about the f uture. 
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INTRODUCTION 

Optimism and pessimism - expecting a positive or negative 
future - are distinct modes of thinking that are best conceptualized, 
not rigidly and dichotomously but rather, as a continuum with 
many degrees of optimism and pessimism. A person can be 
optimistic in regard to a specific area of life (e.g. expecting his/her 
marriage/relationship to succeed) but pessimistic regarding other 
aspects (e.g. expecting financial difficulties ahead). People also 
may shift positions on the optimism-pessimism continuum as the 
timeline unfolds. We all have 'sunnier' days in which we wear the 
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rosy and bright glasses, and 'rainier' days when the world is seen 
through the gray and dark glasses. 

Some people, more than others, have a consistent tendency to 
think, feel and behave, regarding most aspects of their lives, in a 
way that is unbalanced and inclined toward one of the extremes on 
the optimism-pessimism continuum; we call them optimists and 
pessimists. An optimistic person sees good things everywhere, is 
generally confident and hopeful of what the future holds. From the 
optimist's point-of-view the world is full of potential opportunities. 
The pessimist, on the other hand, observes mainly the negative 
aspects of everything around. Thinking of all the potential dangers 
and pitfalls on the way, the pessimist is likely to have little hope for 
the f uture. Consequently, the pessimist tends to remain passive 
when encountered with a challenge, believing that his efforts are 
futile anyway. 

As the main theme of this article is optimism and pessimism as 
experiential phenomena, whether they are expressed briefly as a 
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mood, a temporary state of mind, or as a continual attitude, i.e. a 
stable personality trait, the terms optimism' and optimist' (as well 
as 'pessimism and 'pessimist') will be referred to interchangeably. 

Successful living requires a fine balance between optimism 
and pessimism. Over-optimism may encourage one to take 
uncalculated financial risks that will end up disastrously [1]. 
Similarly, over-confidence may lead to negligent and reckless 
behaviors - e.g. not taking the necessary precautions to prevent 
common health and fires hazards - which may result in a catas- 
trophe. On the other hand, worrying too much about potential 
dangers and focusing one's energy on what might go wrong leads 
to avoidance behavior, passivity, exacerbation of low mood and an 
increase in the vulnerability to depression. Therefore, the optimal 
equilibrium is a cautious optimism which is firmly grounded in 
reality [2]. 

Is it possible to study optimism and pessimism in an objective, 
methodical and scientific manner? Indeed, although optimism 
and pessimism are uniquely and differentially applied in every 
individual's life, and despite the broadness of the subject matter, 
research on optimism is based on empirical and quantitative 
assessments. An operational definition of optimism and 
pessimism is anticipation of good or bad things to happen in 
the future, respectively [3]. Researchers have developed a set of 
scales that enable ranking people along the optimism-pessimism 
continuum in a fairly accurate manner. These instruments 
include the Unrealistic Optimism Scale [4] , the Attributional Style 
Questionnaire [5], the Life Orientation Test [6, 7], the Hope Scale 
[8], the Generalized Expectancy for Success Scale [9, 10] and the 
Optimism-Pessimism Scale [11]. These self-report questionnaires 
comprise several statements about real or hypothetical events (e.g. 'I 
hardly ever expect things to go my way') and the person rates each 
of them (e.g. from 1 to 5) how much it describes his/her attitude. 
An individual's total score on such a scale provides a quantifiable 
measure of optimism/pessimism. 

Like all other human experiences, these basic mental attitudes 
of optimism and pessimism are closely interlinked with distinct 
physiological processes. Converging evidence from psychology, 
physiology, psychiatry and neurology suggest that the two 
cerebral hemispheres are differentially involved in mediating 
the fundamental approach to life. Pessimistic views are generally 
mediated by the right-hemisphere (RH), whereas optimistic 
attitudes are mediated primarily by the left-hemisphere (LH). 
This article presents the variety of ways that this lateralization of 
optimism and pessimism is manifested in the thoughts, feelings, 
decisions and behaviors of healthy and unhealthy people. In 
addition, the article discusses the biological origins of this 
laterality. 



Before proceeding further on the issue of brain lateralization, 
a clarification is needed to avoid simplifications such as 'the 
RH is doing X and the LH do Y' etc. Every human experience 
is mediated by both the RH and the LH. Nonetheless, the two 
hemispheres mediate different modes of experiencing the world 
and dealing with it. Under normal circumstances we are unaware 
of any asymmetry between the RH and LH, since the two brain 
hemispheres share information between themselves, via the corpus 
callosum, and the combined and integrated input results in a 
unified and coherent experience of ourselves and the environment. 
However, extreme conditions which amplify (or minify) the 
contribution of one hemisphere to the mental experience provide 
vivid manifestations of the two hemispheres' fundamental 
differences. For instance, in split-brain patients whose corpus 
callosum has been severed (usually in a surgical procedure aimed 
to prevent dangerous epileptic seizures) the inter-hemispheric 
flow of information is disrupted and each hemisphere functions as 
an independent brain within the same person. Similarly, patients 
with unilateral brain lesions perceive the world mainly through 
the intact hemisphere, i.e. the damaged hemisphere is the minor 
contributor, and the intact hemisphere the major contributor, 
to the patient's overall mental experience and impression of the 
world. Likewise, researchers try to create similar condition in 
the laboratory, with healthy people whose brains are fully intact 
(i.e. both hemispheres are assumed to contribute equally to the 
person's experiences), by manipulating various variables in order 
to produce a temporary change in the relative balance of activation 
between the two hemispheres, thereby creating optimal conditions 
for a particular hemisphere to manifest its unique processing style 
or advantage in a specific task. These techniques will be described 
shortly throughout the manuscript. All these unusual conditions 
reveal that our ordinary conscious experience is actually a 
synthesis of the output of both hemispheres, while at source each 
hemisphere mediates a different mode of experiencing the world 
[12-20]. 

Cognitive mechanisms of optimism and pessimism 

Optimism and pessimism are associated with distinct perceptual 
and cognitive modes. The principal differences are: a) Selective 
attention and information processing, b) A belief (or lack thereof) 
that one has power to influence relevant situations, events and 
relationships (i.e. locus of control), c) The general schema one 
holds for interpreting personal events (i.e. attribution style). 

Selective information processing 

To use the common expression, the optimist focuses his attention 
on the glass half full; that is, an optimist selects the positive/ 
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reinforcing cues from the environment, and tends to filter and 
ignore information that does not match his brighter outlook. A 
pessimist tends to do the exact opposite. In general, a pessimist's 
attention is focused on the glass half empty; i.e. the pessimist 
allocates a disproportionately greater attention to the negative 
cues, while tending to forget the positive aspects of a situation. 
This conventional wisdom has been confirmed experimentally. 
Eye-tracking studies showed that optimists gazed at negative/ 
unpleasant images less than pessimists [21, 22] . Similarly, optimism 
was found to be associated with a greater attentional bias toward 
positive stimuli relative to negative stimuli [23] . 

The two cerebral hemispheres are differentially attuned and 
receptive to environmental cues. The LH is more attuned to 
positive stimuli. In a split visual- field study, participants' attention 
was tested while they watched word pairs comprising of a positive 
and a negative word (e.g. 'vibrant' and 'failure'). When the positive 
word appeared on the right visual-field (RVF) and the negative 
word on the left visual-field (LVF) participants' attention shifted 
significantly toward the RVF, however, when the direction was 
reversed, so that the positive word appeared on the LVF and the 
negative word on the RVF, participants attended equally to both 
visual fields [24] . Since stimuli in the RVF are initially processed 
by the LH and vice versa, these findings suggest that the LH is 
preferentially attuned to positive information and shifts one's 
attention towards it. 

In contrast, the RH is more attuned to negative information. 
When anxious individuals watched pairs of happy and fearful 
faces, there was a significant attentional bias toward the fearful 
face when it was presented in the LVF, but not in the RVF [25], 
implying that the RH allocates greater attention to negative 
emotional stimuli over positive emotional stimuli. Similarly, 
when participants watched words of likeable or unlikeable traits 
and rated how much each trait described themselves, likeable 
traits were more accepted as representing oneself when they were 
presented in the RVF (i.e. to the LH) and unlikeable traits were 
rejected more when they appeared in the LVF [26], suggesting 
that the left and right hemispheres are differentially attuned and 
receptive to positive and negative stimuli, respectively. 

The same lateralization of processing positive and negative 
information applies to auditory stimuli. Participants in an 
experiment listened to a recorded message emphasizing the 
negative effects of being exposed to the sun without a sunscreen. 
The message was delivered via headphones only to one ear; the 
right or left ear. Analysis of participants' behavior showed that the 
group who received the distressing message through the left-ear 
(i.e. the RH) was more affected by the message and was more likely 
to use sun tan lotions at the beach [27]. 



When attention to the positive and brighter side of life does 
not come naturally, it can still be achieved through a conscious 
and mindful effort, and this process involves the LH. Cognitive 
re-appraisal is often used in psychotherapy where a person is 
trained to change his/her point-of-view on negative events by 
focusing on the positive aspects. In functional magnetic resonance 
imaging (fMRI) experiments designed to elucidate the brain areas 
involved in this mental process, participants watched a series 
of negative photographs and were asked to re-appraise them by 
imagining that the situation had a better outcome than the one 
suggested. For instance, in response to a picture of the car accident, 
the participants could imagine that the victims had only minor 
injuries and they survived and healed well. Analyses of the brain 
activity showed that while participants tried to apply the 'positive- 
thinking' strategy there was a higher physiological activity in 
regions within their LH [28-30]. 

The LH is associated not only with a temporary optimistic 
mental state but also with optimism as a stable personality 
characteristic. A positron emission tomography (PET) study 
showed that people who frequently use the cognitive re-appraisal 
strategy and try to attend to the positive aspects of a situation 
display a higher metabolic activity in the frontal part of their LH 
[31]. Similarly, when healthy participants are asked to mark the 
middle of a horizontal line, they tend to err and mark a point 
which is somewhat to the left or to the right of the true center. 
Individual differences in the direction and the degree of deviation 
can serve as a measure of hemispheric dominance. A systematic 
tendency to favor the left-side of space indicates a dominant RH 
and vice versa. It has been shown that people who deviate to the 
right - i.e. having a dominant LH - tend to be more optimistic [32]. 

Transcranial direct current stimulation (tDCS) and transcranial 
magnetic stimulation (TMS) are methods for temporarily 
stimulating or interfering with the physiological activity in selec- 
tive brain regions by applying direct electrical current or magnetic 
pulses over the desired location [33]. In a study where participants 
rated a series of negative pictures, a tDCS enhancing the activity in 
their LH frontal regions influenced their ratings to be less negative 
than their own ratings without brain stimulation [34]. In contrast, 
TMS aimed to increase physiological activity in the frontal parts of 
the RH resulted in an impaired ability of the participants to ignore 
negative information [35], Together, these studies demonstrate 
the existence of a fundamental difference between the two 
hemispheres; the LH mediates a brighter outlook on the world 
and ignores negative aspects in one's environment, while the RH 
mediates a tendency to concentrate on the glass half empty which 
leads to the anticipation of a dismal future. 
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Locus of control 

A general belief about one's ability or inability to control impor- 
tant aspects of life is a crucial element that determines a person's 
attitude. Those who believe that events in their lives are controlled 
by outside forces (i.e. external locus-of-control) see themselves as 
relatively passive agents. Success and achievements occur, in their 
view, mainly due to luck, chance, affiliation with powerful people 
or institutions etc. The probability of a person succeeding by his 
own actions and efforts is very low, in their opinion. This fatalistic 
view is at the core of pessimism. In contrast, the optimists view 
themselves as active agents, feel that they are the masters of their 
destinies (i.e. internal locus-of-control), and trust their ability to 
influence their environment as well as social relationships [36]. 

Several studies suggest that a sense of inner locus-of-control is 
associated with LH activation, while an outer locus-of-control 
is linked with the RH. Comparisons between epileptic patients 
whose seizures originate from a sudden electrical discharge in 
their RH and those with LH epileptic foci, revealed that the latter 
group tended more to think of themselves as powerless and that 
their successes were caused by external factors rather than by their 
own efforts - an external locus-of-control mindset [37, 38]. Since 
in patients with LH epileptic foci the intact RH has a relatively 
greater influence on their mental experiences, these studies suggest 
a link between the RH and a sense of external locus-of-control. 

Likewise, it was found that individuals with a perceived internal 
locus-of-control were better in semantic decision tasks engaging 
regions within the LH, whereas those with a perceived external 
locus-of-control performed better in a visuospatial navigation 
task that recruits RH neural systems [39-41]. These results suggest 
that inner control perception is associated with the LH - hence its 
superiority in LH tasks - and vice versa for outer sense of control 
and the RH. This link between perceived external locus-of-control 
and RH activation was associated with depressed mood [42, 43] . 

Again, not only a person's fundamental belief about the world 
and his/her stable personality traits and convictions about inner or 
outer sources of control are lateralized in the brain. Experiments 
have shown that manipulating one's perception about his ability 
or inability to control a specific situation results in physiological 
changes in the activation dynamics of the two hemispheres. In one 
study, electroencephalography (EEC) recorded the brain activity 
of students while they were exposed to a radio message about the 
university's new decision to increase their tuition payments. Half 
of the participants were told that the board's decision is final and 
the tuition increase would definitely take place. The other half 
was led to believe that they could reverse the decision by signing a 
petition against it. This manipulation created a group who believed 
they had no control over a specific negative situation, and another 



group who believed that their efforts could affect the outcome. Hie 
EEC data showed an increase in LH activation, selectively in the 
latter group [44]. 

Similarly, in other experiments, participants wrote an essay 
about a personal experience from their past in which they felt 
either having power over other individuals (i.e. a situation with 
internal locus-of-control) or that someone else had power over 
them (i.e. external locus-of-control). This writing assignment 
evoked corresponding feelings of being powerful or powerless, 
and the former group's EEC measurements revealed a greater 
activity in the left frontal cortex [45]. In contrast, the latter group 
showed a greater tendency to bisect horizontal lines to the left of 
the veridical center, as well as to bump into the right wall while 
walking through a narrow corridor - perceptual biases indicating 
a RH dominance [46] . Collectively, these studies demonstrate that 
a person's sense of having power or being powerless is associated 
with the LH and RH, respectively. 

Attribution styles 

Another difference between the optimist and the pessimist 
is their way of interpreting important events in their lives (i.e. 
attribution style), which has a momentous effect on their general 
attitude towards the world. Attributions of unsuccessful outcomes 
to internal, stable and global factors (e.g. I am incompetent and 
always fail in everything I do) lead to a pessimistic view since these 
factors are beyond one's control. Conversely, ascribing the outcome 
to external, temporary and local causes (e.g. the situation was 
very difficult and impossible, so that particular attempt was not 
very successful) enable one to hope for better results in the future. 
For successful results the reverse is true. Ascribing one's success to 
internal, stable and global factors (e.g. I am capable of succeeding 
in everything I chose to do) enhances one's good feelings and 
increases his/her confidence about future achievements. On 
the other hand, attributions of an accomplishment to external, 
temporary and local causes (e.g. this time I got lucky, it probably 
won't ever happen again) diminishes the positive reinforcement of 
a success [47-49]. 

In a dichotic listening experiment, participants heard a set of 
instructions through headphones either with their left or right ear. 
Following this task, the group that attended mainly to the right- 
ear and thereby employed mostly their contralateral LH attributed 
their successes to internal, stable and global causes, while failures 
were blamed on external, unstable and specific causes [50]. This 
study demonstrates that a positive thinking and attribution style 
which facilitates an optimistic view of the future is associated 
with the LH. Together with the aforementioned evidence, it seems 
that the RH and the LH are engaged in mediating different and 
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opposite modes of thinking. 

The optimism bias 

In some areas of life, people tend to be slightly more optimistic 
than they ought to be. Studies show that many people believe that 
they are less at risk of experiencing negative events in the future 
compared to other people. In addition, many people feel that 
they have better chances than their peers to experience positive 
events [4]. This phenomenon of optimism bias' has long puzzled 
researchers because of its paradoxical nature; by definition the 
probabilities of random events (negative or positive) are equal 
for everyone. Nonetheless, the optimism bias is assumed to exist, 
despite its irrationality, due to its beneficial and self-serving 
properties - i.e. it helps individuals cope with an unknown future 
and it protects their self-esteem [51]. 

This unrealistic optimism is enabled by selective information 
processing. It was demonstrated in experiments where participants 
estimated their probabilities of experiencing a range of positive 
and negative events (e.g. having a happy marriage, winning the 
lottery, or suffering from cancer, Alzheimer's disease etc.). Later, 
they were informed about the real probabilities of these events 
occurring to them, based on actual statistical records segmented 
by socio-demographic, location and other characteristics. When 
asked to give a second estimate about their chances of experien- 
cing the same events, the participants tended to update their 
knowledge mainly when the new information was in their favor (i.e. 
when the positive events were statistically more likely to occur, or 
that the probabilities of negative events were lower, than previously 
estimated). However, when the newly learned facts were not in 
their favor, the participants tended to ignore it, and at the second 
round they forgot to correct and update their estimations [52, 53]. 

Analysis of participants' brain activity during that assignment 
revealed that the right inferior frontal gyrus was activated when 
the new information called for pessimistic adjustments but not 
when it called for optimistic adjustments. Furthermore, this brain 
region which selectively coded pessimistic information showed 
differential activation within the group; it was less active among 
the optimistic participants and more active in the pessimistic 
participants [52, 53]. This study demonstrates clearly how selective 
information processing which focuses on the positive side and 
ignores negative information leads to optimism, and that this 
process involves attenuation of activity in a certain region of the 
RH. 

Optimistic and pessimistic attitudes can also be induced by 
manipulating the brain's physiological activity in a way that 
selectively enhances activity in one hemisphere. Participants in 
an experiment were randomly assigned into a task requiring 



them to turn their heads and eyes rightward or leftward of their 
body orientation. Both groups estimated the likelihood of several 
specific positive and negative events happening to them and to 
other people in the near future. The results indicated that those 
who were induced to orient their head and gaze rightward, thereby 
enhancing neural activation in their contralateral LH, had a greater 
optimism bias, i.e. they believed that the positive events were more 
likely to occur to them than to other people [12]. The same effect 
of optimism bias occurred when participants listened to audio 
stimuli monaurally with the right ear, which temporarily shifted 
their inter- hemispheric balance into a relative LH dominance [54]. 

Caloric vestibular stimulation (CVS) is a standard neurological 
technique, in which cold water are irrigated into the ear canal, 
for diagnosing vestibulo-ocular reflexes. A side-effect of this 
procedure is a temporary enhancement of activity in the 
contralateral hemisphere. Experiments with healthy participants 
estimating their chances of suffering from various diseases while 
they underwent left-ear CVS, right-ear CVS, or no CVS, showed 
that left-ear CVS, which momentarily boosts activity in the RH, 
made participants significantly less optimistic and more likely 
to believe that they were vulnerable to health misfortunes in the 
future [55,56]. 

A study on the optimism bias found that a TMS interference 
to the activity of the right inferior frontal gyrus caused healthy 
participants to be more optimistic; they judged the probabilities 
that good things will happen to them in the future higher than 
their own estimations without TMS [57]. Furthermore, when the 
stimulation site was reversed and the TMS was applied to the left 
inferior frontal gyrus (i.e. temporarily interfering with the activity 
in the LH) their optimism bias disappeared and their estimations 
resembled an overly pessimistic thinking [57, 58] . 

Hypochondriasis 

Hypochondriasis is a mental disorder with excessive worry of 
having a serious illness that has not been diagnosed [59]. A typical 
hypochondriac will interpret minor physical symptoms as signs of 
a serious disease, will undertake many unnecessary medical checks 
and will express doubts and disbelief at a physician's assurance that 
he/she is perfectly OK. In a way, hypochondriasis can be viewed as 
the opposite of an optimism bias, i.e. a 'pessimism bias', in regard 
to health issues. A comparison of the clinical profiles of patients 
complaining about chronic pain in their left-side of the body 
with patients with chronic pain in their right-side of the body 
found greater proportions of hypochondriacs among the left-side 
pain patients [60]. Since the left-side of the body is innervated 
by the RH, it implies a strong link between hypochondriasis - i.e. 
a pessimistic view about one's health - and the RH. Similarly, a 
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comparison between epileptic patients with a predominant RH- 
lesion and those with a LH-lesion found more manifestations of 
hypochondriasis in the latter group, whose psychological profile is 
presumably dominated by their intact RH [61]. 

Anosognosia 

Some patients with motor paralysis after stroke lack awareness 
of their deficits or simply deny them - a neurological condition 
called anosognosia [62]. A typical patient with anosognosia 
for hemiplegia cannot move his paralyzed limb but still insists 
that nothing is wrong. Based on several lines of evidence, some 
scholars argue that anosognosia and denial of one's illness or 
motor dysfunctions is not merely a manifestation of the loss of 
sensorimotor feedback which results in a cognitive impairment, 
rather anosognosia includes a significant motivational element 
and therefore it can be viewed as a delusion, i.e. the patient creates 
a self-serving wishful representation of reality [63-66]. Given the 
consensus in the literature that the frequency of anosognosia in 
unilateral lesions is far greater after RH, compared to LH, stroke 
[e.g. 67, 68], this phenomenon further suggests the relatively 
greater involvement of the LH (that is intact in RH stroke patients 
and therefore it dominates their mental experiences) in painting a 
nicer and more optimistic picture of one's condition. 

Furthermore, some stroke patients (even those who are not 
officially diagnosed with anosognosia) underestimate their 
limitations and despite the nurses' warnings they try to stand 
up and walk unassisted which often end up in falling accidents. 
Neurologists, noting this ungrounded optimism, devised a 
questionnaire that measures a patient's risk of falling accidents. 
It is based on comparing the patient's self-rating of his ability to 
perform a range of daily activities with a more objective source - 
the caregiver's ratings. The difference between these two ratings 
indicates how over-optimistic a patient is and how strictly he 
should be monitored. Studies comparing patients with a RH stroke 
to those with a LH stroke found that the former group (whose 
brain is dominated by the undamaged LH) overestimated their 
abilities to perform daily activities significantly more than the 
latter group [69, 70]. This is yet another demonstration of the LH 
mediation of an over-optimistic and unrealistic assessment of one's 
physical ability. 

The RH, in contrast, mediates a more critical and less biased 
judgment about oneself. In a morphometric study, patients 
with various neurodegenerative diseases underwent a set of 
neuropsychological tests and the researchers asked them, after 
the assessment, to rate how well they think they did on the tests 
compared to other people. Analysis of the correlation between the 
patients' estimates of their own cognitive performance and their 



brain scan images found that reduced gray matter volume in the 
right ventromedial prefrontal cortex (vmPFC) was associated with 
greater overestimation of one's abilities, and that the accuracy of 
self-appraisal correlated positively with the tissue size in the RH 
vmPFC [71 ] . Similarly, a study on individuals with traumatic brain 
injuries (mostly resulting from automobile accidents) found that 
a more accurate insight into one's post-injury cognitive deficits 
was associated with the functioning of specific neural networks 
in the RH [72]. These studies underscore the RH involvement 
in mediating a more realistic and less exaggerated evaluation of 
oneself. 

Self-esteem 

Self-esteem is a person's evaluation and appraisal of him/herself. 
It is one of the factors leading to a sense of happiness and a 
general success in life [73]. Self-esteem is closely linked with one's 
basic outlook on life and the motivation to deal with challenges. 
Those with a high self-esteem feel confident, capable, worthy and 
tend to be optimistic, whereas people with a low self-esteem are 
typically more critical of themselves, somewhat insecure, often 
feel incapable of dealing with life's challenges, and are generally 
pessimistic [74, 75]. 

Psychological studies show that high self-esteem is associated 
with the LH. In a dichotic listening experiment, words describing 
positive or negative traits were presented either to the right-ear 
(i.e. LH) or to the left-ear (i.e. RH) and participants' task was to 
attribute each of these traits either to themselves or to other people. 
Faster response times for linking good qualities to themselves 
and negative traits to others were observed when the words 
were presented through the right-ear [76]. Similarly, rightward 
errors in the line bisection test, which indicate a relative LH 
hyperfunctioning, were associated with a tendency of participants 
to describe themselves as active, dominant, mighty, powerful and 
strong [77]. 

EEG studies revealed that a greater physiological activity in the 
frontal parts of the LH, relative to the RH, is associated with a 
higher self-esteem [78, 79], a general sense of happiness and well- 
being [80, 81], as well as a better resilience and recovery from an 
abusive childhood [82]. In contrast, greater physiological activity 
in the frontal parts of the RH is associated with an increased risk 
of feeling hopeless about negative events in one's life, and a higher 
likelihood of falling into depression [83]. Likewise, neurological 
reports suggest that LH stroke patients, whose emotional and 
psychological profile presumably reflect the intact RH, have a 
relatively lower self-esteem [84], and their caregivers suffer from 
greater stress [85], as compared to RH stroke patients. These 
studies demonstrate how a high self-esteem and good appreciation 
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of oneself are associated with the LH, while a low self-esteem and a 
negative attitude are linked with the RH. 

Body image 

A person's body image is an important factor of his/her self- 
esteem. Accordingly, the RH involvement in negative-thinking 
and low self-esteem is reflected also in body image perceptions. 
Healthy women viewed size-distorted pictures of themselves 
and had to decide for each image whether it was fatter or thinner 
than their real body. The results indicated that when the pictures 
were presented in the left visual-field (i.e. to the RH) they were 
judged as 'fatter' [86]. In a rare psychiatric disorder, called 'body 
integrity identity disorder' (BHD), able-bodied individuals feel 
that their body form is inappropriate and desire an amputation 
of their own limb, which they describe as not belonging to them 
[87]. Interestingly, several cortical abnormalities were found in the 
RH of individuals with BHD [88]. Furthermore, the majority of 
these individuals desire a removal of their left limb [89, 90] which 
is innervated by the RH. These findings imply that dissatisfaction 
with one's body shape is associated with neurophysiological 
processes in the RH. 

The RH also mediates a more critical and harsher judgement 
about other people's faces and bodies. When adults and children 
judged facial images of boys and girls with strabismus, a squinting 
right-eye was rated as more disturbing than a squinting left-eye 
[91]. Given that the right-eyes in the photographs were within the 
perceiver's left visual-field and processed initially by his RH, and 
vice versa for the left-eyes, these findings suggest that the RH is 
involved, more than the LH, in mediating an unfavourable look 
at bodily imperfections. 1 ' Likewise, when patients with anorexia 
or bulimia watched drawings or pictures of female bodies and 
rated their attractiveness, increased activity in several RH regions 
were observed when the drawings and pictures were disliked by 
the patients [93-95]. Together, these studies link the RH with a 
relatively less favorable viewpoint. That is, the tendency to see 
more body imperfections (real or imagined) and exaggerate their 
significance is associated primarily with the RH. 

Persistence 

When faced with obstacles on the way toward a desired goal, 
the pessimist will usually give-up quite fast. An optimist, on the 



other hand, tends to be more determined and persistent in his/her 
efforts to achieve a goal [3] . Volunteers in an experiment squeezed 
a rubber ball either with their right or left hand. This physical 
exercise, which its purpose was hidden from the participants, 
was aimed to selectively activate the contralateral hemisphere 
that executed the muscle activations. Then, participants received 
a cognitive challenge; to trace some figure drawings without 
backtracking or removing the pencil from the paper. Two of 
these puzzles were easily soluble but the other two were insoluble. 
Measuring how many attempts participant made to solve the 
insoluble puzzles revealed that the group which previously 
stimulated the LH, by activating their right-hand muscles, made 
about 60% more attempts to solve the problems as compared with 
the RH-stimulated group [96]. In another study, the hemispheres 
were unilaterally stimulated by a passive sensory stimulation 
- tactile vibrations applied to the contralateral hand - instead 
of active ball squeezing. Similar results were obtained; the LH- 
stimulated group showed greater persistence in trying to solve the 
(insoluble) puzzles [97] . 

Risk-taking 

Personal growth and success - achievement of meaningful 
things and desired states - require courage and readiness to take 
some risks, i.e. getting out of one's comfort zone! stepping into the 
unknown and doing things that initially may seem to have some 
elements of risk/ threat [98-100]. Optimism leads one to take more 
reasonable risks, whereas pessimism is associated with a reduced 
tolerance for risks [101, 102]. Apart from extreme conditions 
where risk-taking can be motivated by hopelessness and a 
desperate sense of 'there is nothing to lose anymore [e.g. 103], in 
moderate and normal situations risking something important is 
not done with the intention to lose. Rather, taking a risk reflects 
the person's optimistic forecast that the outcome will be favorable. 
In other words, risk-taking implies an underestimation of the 
chances to lose and/or an overestimation of the chances to win. 

There is evidence in the literature that risk-taking is associated 
with the LH and risk-avoidance with the RH. Induction of a 
rightward attentional orientation (thereby activating the LH) 
can increase the propensity for risk-taking [104]. Similarly, LH 
dominance, as indicated by the line bisection test, is associated 
with a higher preference for risks [32]. Risk aversion, on the other 



"An alternative explanation is that something in the facial musculature of the poser, rather than the observer's preference, elicits this bias of favoring 
the left-side or disliking the right-side of a face in a photograph [92]. However, Mojon-Azzi et al. [91] used identical pictures with the same facial 
musculature and (neutral) expression for both, right-eye and left-eye strabismus, and the squint was made by using digital software to crop the eye and 
replace it in a squint angle. Therefore, the findings of Moion-Azzi et al. [91] cannot be explained by the alternative account. It seems that the bias had 
arisen, not from the physiological properties and the facial expression in the photograph, but rather within the eye of the beholder and through his/her 
perceptual/cognitive processes (i.e. the hemispheric differences in filtering data and focusing on the positive or on the negative aspects). 
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hand, is positively correlated with baseline cortical activity in 
the right prefrontal cortex [105]. Likewise, brief interruptions of 
inter-hemispheric balance with tDCS or TMS can affect a person's 
choice in decisions that involve risk-taking. Enhancement of the 
RH activity resulted in less risky decisions in a gambling session 
[106], while disruption of the RH activity or enhancement of the 
LH activity is capable of inducing more risky behaviors [107, 108]. 
When patients with unilateral lesions in the prefrontal cortex 
played the Iowa Gambling Task (a measure for risk-taking), those 
with the RH-lesion preferred the riskier decks, compared to LH- 
lesion patients and controls, and this preference correlated with 
the lesion volume [109, 1 10]. Collectively, these studies suggest 
that risk-taking is mediated by the LH and that the RH mediates 
the temperance and suppression of risk-taking tendencies. At 
the broader context of hemispheric asymmetry in optimism 
and pessimism, risk-taking and risk-avoidance are behavioral 
manifestations of these attitudes, respectively. 

Depression 

Perhaps, the most striking evidence, for the two hemispheres 
asymmetric role in mediating optimism and pessimism, comes 
from the association between the RH physiological activity and 
depression - a pathological state of pessimism. Depression is 
characterized by overly pessimistic thoughts, a negative-thinking 
style and a tendency to focus and ruminate on what is wrong and 
magnify it, while ignoring the good things in one's life. A variety of 
physiological and neurological studies have shown that depression 
is associated with a hyperactive RH and/or a hypoactive LH 
[111-118], Furthermore, the severity of the illness correlates with 
the relative imbalance of the physiological activity in the two 
hemispheres [119, 120]. 

Accordingly, recovery from depression is associated with a 
restoration of the inter-hemispheric balance. Studies of diffe- 
rent treatment methods (e.g. pharmacological, meditation 
and mindfulness techniques, massage or music therapy) have 
found that the post-depression stage is characterized by a 
reduced imbalance in the physiological activity of the two 
hemispheres [121-124]. In addition, some novel treatments for 
depression are based on the principle of directly manipulating 
the brain's physiological activity, in an attempt to restore the 
inter-hemispheric balance - i.e. increasing activity in the frontal 
regions of the LH and/or attenuating activity in the RH. Three 
of these methods, EEC neurofeedback, TMS and tDCS have 
been shown to alleviate depressive symptoms while reinstating a 
balanced neurophysiological activity [125-138]. Similarly, right- 
ear CVS which temporarily increases activity in the contarlateral 
LH (thereby minimizing the inter-hemispheric imbalance in 



depression) has been proposed as an alternative or complementary 
treatment for alleviating depression [139, 140]. 

Mania 

While the extreme pessimism of depression is associated with 
a hyperfunctioning RH, mania - elevated mood, euphoria and 
unjustified optimism - occurs when the LH is hyperactivated. 
Neurological reports indicate that whilst patients with LH stroke 
(i.e. having a relatively undamaged RH) tend to be pessimistic and 
depressed, RH stroke often leads to euphoric and manic states 
[141-157]. 

Similarly, Parkinson's disease typically starts with asymmetrical 
motor deficits; the side with the most severe motor symptoms 
is contralateral to the hemisphere with the worst dopamine 
denervation. A study found that patients with motor impairments 
predominantly on the left-hand - indicating a damaged RH 
and a relatively less-damaged LH - have higher frequencies of 
hypomania [158]. Likewise, injection of a sedative drug (sodium 
amobarbital) to the left carotid artery - thereby anesthetizing the 
LH - resulted in crying, pessimistic statements and worries about 
the future, whereas sedation of the RH produced smiling, laughing, 
elated mood and euphoric reactions [159-164]. In the same line, 
left-ear CVS had been used as an effective technique to reduce 
manic symptoms; presumably, activating the contralateral RH that 
mediates pessimism re -balances the inter-hemispheric dynamics 
[165,166]. 

Suicide 

Suicide attempts reflect the ultimate pessimistic state and 
extreme hopelessness. An EEC comparison between healthy 
girls and those who tried to commit suicide but failed, found 
a greater physiological activity in the RH among the suicide - 
attempters group [167]. Further analysis revealed that this greater 
RH activation was more notable among the individuals who really 
intended to die (i.e. complete hopelessness) compared to those 
who did not intend to die and their suicide attempt was 'a cry for 
help' (i.e. still having a tiny bit of hope) [167]. Similarly, suicidal 
patients were reported to have a larger right amygdala than non- 
suicidal patients [168]. In addition, a postmortem histological 
analysis revealed a greater density of von Economo neurons in 
the right anterior cingulate cortex of suicide victims, compared 
to individuals who died from other causes [169]. Together, these 
studies further demonstrate that pessimistic mood is strongly 
interlinked with the RH at the physiological level (i.e. a relative 
hyperactivation of the RH), as well as at the anatomical level (i.e. 
having larger and denser neural systems in the RH to subserve this 
mental state). 
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The Neural Basis of Optimism and Pessimism 



Plausible biological mechanisms 

The aforementioned studies demonstrate clearly that optimistic 
and pessimistic thoughts, attitudes, moods and behaviors are 
lateralized in the brain. Optimism is associated with physiological 
activity in the LH, whilst pessimism is linked with the RH. 
This leads to the question: what are the underlying biological 
mechanisms that can explain this difference between the two 
hemispheres? More specifically, is there something in the RH 
neurophysiology and functions that make it more suitable to 
mediate and sustain pessimistic thinking patterns? Similarly, 
what is it in the LH physiology that enables it to mediate a less 
vulnerable and more resilient optimistic attitude? 

Pessimistic thoughts are stained with fear and stress 

Various studies suggest that the RH mediates a relatively 
more watchful and fearful mode, than the LH; a mental state 
which seems to be the major factor in the link between the RH 
and pessimistic thought patterns. The peripheral autonomic 
nervous system regulates visceral functions via two branches; 
the sympathetic and parasympathetic nervous systems (SNS 
and PSNS, respectively). The SNS prepares the body to respond 
to a potential threat or danger by increasing heartbeats in order 
to accelerate blood supply to the motor organs. The SNS also 
increases the sweating rate to keep the body temperature cool 
within the optimal range, it tightens the blood vessels of the gastro- 
intestinal tract so digestion is slowed and energy is saved, and it 
dilates the pupils to allow more light to come in and increase far 
vision. When the threat situation is over and the potential 'fight 
or flight' response is no longer required, the PSNS functions as 
a dampener of the SNS effects, thereby restoring physiological 
regularity and calmness. This is achieved through the PSNS 
reversal of the SNS actions: i.e. the PSNS slows heartbeats and 
respiration rate back to normal levels, expands the gastro-intestinal 
blood vessels to facilitate the digestion process, stops the sweating, 
and contracts the pupils back to their normal size to allow closer 
vision [170-173], 

Evidence from anatomy, physiology and neurology suggest 
that the RH plays a major role in mediating the SNS processes, 
whereas the LH is associated mainly with the PSNS [172, 174- 
181]. For instance, electrical stimulation of the left insular cortex 
or vibrotactile stimulation applied to the right-hand (i.e. LH) 
slows heartbeats (i.e. activates the PSNS), while the opposite 
effect can be induced with right insula electrical stimulation 
or left-hand vibrotactile stimulation [182-184]. Similarly, left 
insular stroke often shifts cardiovascular functioning toward SNS 
hyperactivation, presumably due to the loss of the PSNS balancing 
effects [185, 186]. Likewise, pharmacologically induced anesthesia 



of regions within the LH (thereby letting the RH to take control) 
resulted in accelerated heartbeats, while sedation of the RH slowed 
heartbeats [179, 187,188]. 

This principle - that the RH is biologically designed to handle 
potential threats, more than the LH - is manifested also in the 
central nervous system. Sub-threshold or masked frightening 
stimuli are better detected and trigger a greater response in 
skin conductivity when they are presented in the LVF (initially 
processed by the RH), compared to identical presentations in 
the RVF [189-191]. Similarly, an increased neural activity in the 
amygdala, pulvinar and superior colliculus was found when 
participant viewed fearful facial expressions, compared to neutral 
expressions, selectively for LVF, but not for RVF, presentations 
[192, 193]. Individuals with fear of spiders (arachnophobia) detect 
spiders in their LVF faster than their RVF [194]. 

In addition, the startle reflex - the behavioral response of 
humans and many animals to a sudden fearful stimulus - can be 
potentiated during perception of negative emotional stimuli and 
attenuated during perception of positive emotional stimuli [195]. 
Experiments showed that the differences in the reflex magnitude 
between pleasant and unpleasant stimuli were consistently 
large and reliable for reflexes elicited by left-ear probes (i.e. RH 
processing) but weak and inconsistent for reflexes elicited by right- 
ear probes [196], suggesting that startle modulation is mediated 
primarily by neural structures within the RH. Studies on the 
amygdala - the neural system with the most robust activity during 
fear - found that the right amygdala reaction to fear conditioned 
stimuli is faster and longer in duration than the left amygdala [ 197] . 
Likewise, lesions in the right amygdala result in a significantly 
lower emotional response to fearful images, compared to left 
amygdala lesions [198, 199]. 

The RH greater involvement in mediating fearful experiences 
is reflected also in its significant role in regulating the stress 
hormone Cortisol. Higher levels of Cortisol induced by stress and 
anxiety correlated with a greater RH activation [200-204]. There 
is evidence that post-traumatic stress disorder (PTSD) - where 
the original mental trauma is re-experienced through flashbacks 
and nightmares that re-activate the fear and stress responses - is 
coupled with an increase in RH activation [205-209]. Similarly, 
panic disorder and social phobia are associated with a RH 
hyperactivity [210-216]. 

This division of labor between the hemispheres is also reflected 
in the RH relatively greater involvement in automatic orientation 
of spatial attention [217-220], and in the RH advantage in detec- 
ting a change in the environment [221-224]. These superior 
attentional functions of the RH sustain and complement its role 
of mediating the SNS processes by maintaining higher alertness 
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and a vigilant mode. The LH, on the contrary, is relatively more 
involved in routine, well-rehearsed and repetitive responses [15, 
16,225]. 

This fundamental difference in the physiological and 
psychological functions of the two hemispheres, in which the 
LH primary role is to maintain homeostasis and relaxation by 
keeping physiological activity within normal levels, whereas 
the RH functions as the 'alarm system' that identifies potential 
threats and prepares the body to deal with dangerous situations 
(via the SNS), explains very well why pessimistic tendencies are 
associated with the RH. Firstly, the RH major role in the detection 
of potential threats and possible conflicts effectively means that 
the RH is biologically geared to focus attention on what might go 
wrong, rather than on what is good. Pessimistic thoughts, worries 
about the future, a preoccupation with the negative instead of 
the positive aspects of a stimulus/situation/event are therefore 
naturally associated with physiological activity in neural networks 
within the RH, which are designed to process exactly these sorts 
of mental activities - i.e. checking for potential perils. Secondly, 
pessimism in regard to the unknown that lies ahead is essentially 
looking at the world through lenses that are stained with fear, 
anxiety and stress. Experiments show that even neutral/ambiguous 
stimuli are more likely to be perceived and interpreted negatively 
and pessimistically when a person is under anxiety and stress 
[226-228]. Therefore, a pessimistic thinking style that anticipates 
negative outcomes in the future is naturally associated with the 
RH physiological activity, since pessimism and worry about the 
uncertain future contain significant elements of fear, anxiety and 
stress - emotions that are mediated primarily by neural circuits 
within the RH. The LH, on the contrary, is biologically designed to 
keep the body's physiology within normalcy (via the PSNS) and 
promote relaxation and balance - mental states that enable positive 
thinking patterns and optimistic thoughts to thrive and flourish. 

Optimism is interlinked with a proactive attitude 

A somewhat related functional distinction between the two 
hemispheres, that can explain their different involvement in 
processing optimistic and pessimistic attitudes, is Jeffrey Gray's 
concept of behavioral activation and inhibition systems. Based 
on a variety of experimental observations and the principles 
of behavioral learning theories, Gray [229] proposed that our 
interaction with the environment is controlled by two neural 
systems; the behavioral activation system (BAS) and the 
behavioral inhibition system (BIS). The BAS regulates appetitive, 
positive-incentive motivation, and is manifested in approach 
behaviors toward potentially rewarding stimuli. The BIS, on the 
other hand, is sensitive to aversive cues, and regulates avoidance/ 



withdrawal behaviors from potentially harmful/pain-inducing 
stimuli. By correlating participants' EEG patterns with their BAS/ 
BIS measurements it has been shown that the BAS and BIS are 
hemispherically lateralized in the brain; the LH is primarily 
associated with motivating one to act and approach positive/ 
appealing stimuli, while the RH is involved in avoiding dangers 
and inhibiting actions that may lead to painful consequences [230, 
231]. 

This model of LH/activation and RH/inhibition, although origi- 
nally conceptualized around motor behaviors, extends across 
the whole range of mental phenomena. Initiation of a verbal 
response activates regions within the LH, whereas withholding 
speech engages RH regions [232]. Hie LH is involved in approach- 
related emotions, while the RH is associated with withdrawal- 
related emotions [19, 233]. Cognitive processes show the same 
hemispheric asymmetry. For instance, a commitment to do a 
specific act is associated with an increased left frontal activation 
[234], presumably by stimulating an 'action mode'. Likewise, an 
increased physiological activation in the LH was detected when 
participants were presented publically with a bogus negative 
assessment of their personality test, thereby prompting them 
into an 'active mode' for defending their good reputation [235]. 
Similarly, making or avoiding a decision is associated with left and 
right frontal activations, respectively [105, 236] . 

This functional organization of the two cerebral hemispheres 
means that the right and left hemispheres subserve different modes 
of dealing with the environment. The LH mediates an active 
mode for achieving one's goals which is reflected in the motor/ 
behavioral, emotional and cognitive domains; i.e. being physically 
active, and also in a proactive state-of-mind - taking the initiative 
to improve one's conditions. The RH, on the other hand, mediates a 
cautious mode which balances the drive for actions, and promotes 
a relatively passive state-of-mind. 

A major distinctive characteristic between optimistic and pessi- 
mistic people is their coping strategies. Optimism is associated 
with taking an active approach for both maximizing one's well- 
being and minimizing stressors. Pessimism, on the contrary, is 
associated with using mostly escape and avoidance strategies 
when dealing with distress, as well as with hesitations and a 
passive attitude when faced with an opportunity Furthermore, 
having confidence about eventual success prompts the optimist 
to continue trying even when the going gets tough, while doubts 
about the future discourage the pessimist from persisting [3, 237] . 

The link between passivity and pessimism is well exemplified 
in depression. A prominent symptom of major depression is 
psychomotor retardation - an overall slowness and reduction 
of physical movements [59], In severe depression, the process is 
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intensified and the patient may have difficulties in doing mundane 
and simple motor activities such as taking a shower, dressing, self- 
grooming, or even getting out of bed. Mental activity and verbal 
speech are also slowed in depression [238, 239]. The passivity of 
depressed patients is reflected also in excessive hesitations and 
difficulties/slowness in making decisions [240, 241]. Accordingly, 
a unique treatment program for depression - the behavioural 
activation therapy - attempts to help patients reengage in their 
lives through focused activation strategies; creating daily schedules 
of activity, seeking pleasurable experiences and sources of positive 
reinforcements, as well as breaking the patterns of avoidance, 
withdrawal and inactivity [242-245]. 

Similarly, a regular habit of exercise and physical activity can 
prevent and alleviate depression [246-249]. Comparisons among 
healthy people found that athletes and highly active individuals 
were significantly more optimistic than inactive/low-active 
individuals [250, 251]. From a neurochemistry perspective, the 
positive mood induced by physical exercise is attributed to the 
release of |3-endorphin, melatonin, serotonin and other substances 
[e.g. 252-254] . Nevertheless, experimental studies show that during 
active physical exercise there is an increased neural activation in 
several LH regions and/or a reduction in RH activation [255-257]. 
Similarly, a comparison of athletes and non-athletes in the line 
bisection test, found that while the latter group tended to deviate 
leftward from the veridical center, indicating a RH dominance, 
the athletes deviated rightward [258], suggesting a link between 
high levels of physical activity and a LH dominance. Thus, from an 
inter-hemispheric dynamics perspective, the positive mood that 
comes with exercise and physical activity is achieved, at least partly, 
through the increased neural activation in the LH [255, 256] . 

The relationship between activity and optimism is bi-directional. 
Optimistic thoughts lead to active coping strategies and the 
rewarding results weave a sense of self-efficacy and mastery over 
one's environment (internal locus-of-control), which further 
reinforces the proactive attitude. In contrast, pessimism facilitates 
a passive attitude which hinders and minimizes positive feedback, 
thereby further exacerbating a 'learned helplessness' thinking 
pattern and depressed mood [259-263]. 

Thus, the LH association with optimism seems to be related also 
to its mediation of an active approach mode, which enables the 
positive sense of accomplishment following successful experiences 
to further promote and reinforce an 'I can do it' attitude and 
optimism. The RH association with pessimism, on the contrary, is 
facilitated by its mediation of a relatively passive mode, escape and 
avoidance coping style, which minimizes and prevents potential 
positive experiences and their reinforcing effects on one's attitude. 



The Neural Basis of Optimism and Pessimism 



Dexterity breeds confidence 

Another account for the lateralization of optimism and 
pessimism is related to the notion that perceptual and cognitive 
processes are fundamentally intertwined with actions. According 
to ecological perception theorists James and Eleanor Gibson, 
perception is action oriented and essentially it is an adaptive 
process, sensitive to the feedback an organism receives from its 
particular environment and its affordances. That is, perception 
is a reciprocal interaction between a person's (potential and 
actual) motor actions and locomotion in the environment and 
the actionable properties and opportunities that the environment 
provides for the person. Therefore, learning occurs mainly through 
acting in the environment [264-266]. Furthermore, cognitive 
development theorists Jean Piaget and Lev Vygotsky assert that 
almost all higher mental functions originally arise from actions, 
and that, from an evolutionary perspective, the main function 
of cognition is to guide actions and to contribute to situation- 
appropriate behaviors [267-271]. Thus, the process of concept 
formation is essentially a regulatory process of adaptation to the 
environment. Schemas - the organized patterns of reasoning, 
emotions and behaviors - begin to form in early infancy at the 
initial sensory-motor (pre-linguistic) stage through primitive 
symbols. Every encounter with something unfamiliar (a new 
object, environment or situation) is perceived and understood 
by reference to previous knowledge. When the new information 
fits into one's pre-existing schema it is integrated and assimilated 
into the schema, and when it cannot fit in, the schema is altered to 
accommodate the new information [272, 273] . 

Typical infant behaviors exemplify this. An infant comes into 
the world with an inborn reflex of sucking. As this action satisfies 
the baby's basic needs it is further reinforced. As it grows a bit, 
the infant starts to suck everything within its reach. By realizing 
that some objects do not satisfy when sucked, the infant learns 
to distinguish between eatable and non-eatable objects. From a 
cognitive perspective, the infant is engaged in trying to assimilate 
its new experiences to its existing knowledge (that sucking leads 
to satisfaction) and through the interaction with objects that do 
not confirm that expectation the schema is modified. Cognitive 
development and intelligence, in children and adults, are therefore 
a progressive reorganization of knowledge into larger, more 
elaborated and sophisticated frameworks, a process that results 
from biological maturation and environmental experiences 
[272, 273]. More examples of how such schemas and constructs 
of knowledge guide our cognition, and that we essentially think 
and reason through conceptual metaphors, can be found in the 
works of LakofF & Johnson [274, 275] and Lakoff & Nunez [276]. 
Crucially, however, schemas are not abstract concepts detached 
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from the nervous system; rather they are based on concrete 
sensory and motor experiences [267, 272-277] . 

Indeed, recent research demonstrates that perceptual, cognitive 
and emotional processes are inherently embodied. That is, mental 
processes are grounded in bodily states - i.e. sensory-motor, 
somato-visceral and proprioceptive experiences - and simulations 
of actions [277-280]. The following experiments illustrate this 
point vividly. Participants in a study were asked to hold a pen 
in their mouth, and simultaneously read several cartoons and 
rate their funniness. Two groups were compared; one group was 
asked to hold the pen only with their teeth but not with their lips, 
a condition that caused them to open their lips widely thereby 
unconsciously activating the smiling muscles which draw the 
angle of the mouth upward and backward, whereas the other 
group was asked to hold the pen only with their lips, a condition 
that caused them to hold their lips closed thereby inhibiting the 
production of a smiling facial expression (pictures related to this 
experiment can be found in [280]). It was found that the former 
group rated the cartoons as funnier than the latter group [280, 
281]. Presumably, the activation of the facial muscles associated 
with smiling evoked the mental representation and some degree 
of the mood associated with that physiomuscular state and 
influenced participants' judgments of the humor in the cartoons. 

Similarly, in another study, participants either pulled a lever 
toward themselves or pushed it away from themselves while 
simultaneously watching neutral stimuli and rating them. The 
researchers found that the pulling and pushing which imitate arm 
flexion and extension movements associated in everyday life with 
liking and disliking something, affected participants' preferences 
of the neutral stimuli, respectively. That is, in the pulling condition 
the participants reported higher preferences for the neutral stimuli 
than in the pushing condition [282,283]. 

Likewise, experiments in psychology have shown that manipu- 
lating participants into experiences of physical warmth, e.g. by 
asking them to hold a cup of hot beverage for a moment or by 
raising the laboratory's ambient temperature, increased their 
feelings of closeness, trust and generosity toward newly met people, 
i.e. 'physical warmth affected their perception of 'social warmth 
[284, 285]. On the other hand, experiences of social exclusion and 
loneliness, i.e. 'social coldness' are often associated with increased 
feelings of physical coldness [286-288]. This effect presumably 
occurs because our mind often relies on scaffolding processes 
whereby newer concepts are built on and make use of older 
structures; in this case, mental experiences are conceptualized by 
analogy and linkage to physiological experiences [272, 273, 289- 
291]. Accordingly, early childhood experiences of being cradled 
and cuddled in the bosom of a loving caregiver form the semantic 



association between warm sensation and affection (more evidence 
of this semantic link between physical and psychological warmth 
can be found in the works of John Bowlby [292] and Mary 
Ainsworth [293] with human infants, and in the works of Harry 
Harlow [294] with monkey infants). This concept of 'warmth = 
affection' is subserved by interconnections between the related 
neural networks in a way that an experience in one realm (physical 
or psychological) evokes the other. 

Building on the aforementioned ideas that (a) mental processes 
involve operations of schemas - structured networks of symbols, 
knowledge and feelings linked by conceptual metaphors - 
and (b) that schemas are intrinsically shaped by the sensory 
feedback received through motor and muscular activation, it 
seems plausible that the laterality in handedness may also have 
its contribution to the lateralization of optimism and pessimism. 
The overwhelming majority of the population (-90%) is more 
dexterous in the right-hand, i.e. they perform motor skills better 
with their right-hand than with their left-hand. Anatomically, the 
right-hand is controlled by the LH, and the right-hand dexterity is 
subserved by a superior neural connectivity in LH motor regions, 
compared to the nomotopic RH areas [295]. Perhaps, the dexterity 
associated with the LH and the relative clumsiness associated with 
the RH, breed a sense of potency and a sense of incompetence, 
respectively. 

The early sensory-motor experiences of a child interacting with 
its environment provide both, positive feedback through the 
dexterous, smooth and fluent motor actions of the right limbs, 
as well as negative feedback from the left limbs clumsiness and 
ineptness. These primitive sensorimotor experiences of concrete 
strength and weakness, which are encoded into the LH and RH 
respectively, constitute the kernel of the child schemas about its 
abilities and limitations in dealing with environmental challenges. 
That is, even in the pre-linguistic stage and before the child has 
a sufficient cognitive capability and conceptual frameworks to 
comprehend the full meaning of skillfulness and ineptitude, these 
feelings exist in an intuitive and crude form of a tacit knowledge 
(i.e. something that is known and felt deeply although it cannot be 
reasoned consciously or expressed verbally). During development, 
these schemas evolve further so that experiences of success and 
failure, confidence and insecurity, as well as more elaborated 
concepts such as self-esteem (i.e. feeling pride or humility), body 
image (i.e. acceptance or criticism of oneself), a general worldview 
(i.e. optimism or pessimism), and related behaviors - persistence in 
spite of difficulty or surrender to hardships, taking risks to achieve 
a desired goal or avoiding risks etc. - are all being assimilated and 
integrated into these fundamental schemas, respectively. Fig. 1 
present a sketch of these schemas. 
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Taking more risks 
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expecting good 



Confidence 



Satisficing 
An attitude of 
'small steps are 
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Contentment 



Ignoring negative information 
Actively paintinga nicer image of reality 
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Lack of initiative 
Passive state-of- 
mind 




Avoiding risks 

Clinging to safety 



Quest for perfection 
'All or nothing' attitude 



Focusing on the negative side 
Ignoring the positive aspects of the situation 
including one's own personal strengths 



B 



Fig. 1. Schematic presentation of the neural basis of optimism and pessimism. The primitive right and left sensorimotor experiences of concrete 
strength and weakness, which are encoded into the LH and RH respectively, are the basis of optimism (A) and pessimism (B). 



Indeed, studies show a positive correlation between the sense 
of power - i.e. being able to influence one's environment and 
overcome its challenges - and optimism; people with a higher 
sense of power are more optimistic than those with a lower sense 



of power, presumably because power shifts one's attentional focus 
from the potential pitfalls into the potential payoffs [296, 297]. 
Similarly, confidence is robustly associated with hope, optimism 
and resilience [298, 299]. In addition, a sense of power increases 
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active and approach behaviors, while it reduces inhibition and 
withdrawal tendencies [297, 300, 301] - behavioral patterns that 
are associated with optimism and pessimism, respectively, as 
outlined in the previous section. 

These cognitive schemas about one's abilities and limitations 
are ingrained in the activation patterns of their respective 
neural networks, and as the aforementioned studies suggest 
they are relatively lateralized in the two cerebral hemispheres. 
The optimistic schema is scaffolded and assimilated into neural 
structures and systems within the LH, while the pessimistic 
schema is primarily associated with, and integrated into, neural 
circuits and networks in the RH. 2) 

Perfectionism 

Concentration on the shortcomings of a person's environment 
and conditions, or when the focus on the glass half empty is 
directed inward in the form of the thought that 'I am not good 
enough etc. has a positive role in our lives; it motivates the quest 
for perfection, self-improvement and personal development. 
However, when taken extremely, it can lead to perfectionism 
- i.e. unacceptance of the need for satisficing in some areas of 
life - which ultimately leads to even more disappointments 
with one's imperfect existential condition and personal 
flaws. Constant assessments of oneself or comparisons with 
unattainable high standards are doomed to find flaws and failures. 
Repeated failures reinforce one's belief in his/her incompetence, 
personal inadequacy and inferiority. This vicious cycle further 
exacerbate negative thinking patterns and may lead to a sense 
of hopelessness, self-blame and eventually depression. Indeed, 
studies showed that unhappiness, low self-esteem, pessimism and 
depression are all linked to the chase after perfectness [302-305]. 
Accordingly, therapeutic methods for overcoming pessimism and 
unhappiness concentrate on setting realistically achievable goals 
for oneself, cultivating a non-judgmental attitude and practicing 
unconditional self-acceptance - applying compassion, generosity 
and love to oneself [306, 307]. 

From a neurobiological perspective, it is not a mere coincidence 
that the RH: (a) receives a relatively poorer motor feedback and 
an overall sense of clumsiness and awkwardness, (b) mediates 
negative thought patterns (i.e. low self-esteem, pessimism, 
depression etc.), and (c) is more sensitive to one's body image and 
other flaws in general. Negative thinking, a focus on what's not 



good, a poor self-image and the strive for perfection are all parts 
of the same pessimistic schema that is mediated by associated 
neural networks of the same cerebral hemisphere that registers the 
sensorimotor feedback and evaluates its meaning (i.e. weakness). 
The early childhood realization of one's relative motor ineptness 
and physical weakness of the left limbs is the conceptual skeleton 
on which all subsequent thematically related experiences (i.e. 
awareness of one's limitations, flaws, unfitness, failures etc.) are 
built on. 

Since the body-mind relationship is bi-directional - mental 
states affect body states and body states affect mental states (e.g. 
understanding the comical aspect of a situation produces laughter, 
and re-enactment of a smiling facial expression can facilitate the 
appreciation of humor [e.g. 278-281] - and given that the schema 
of pessimism is encoded into, and mediated by, physiological 
activity of neural networks within the RH, conditions in which the 
RH has a relatively leading role in dictating the mental experience 
(e.g. LH brain lesions or laboratory induced manipulations of 
the inter-hemispheric dynamics which provide the RH with a 
temporary advantage) activate the pessimistic schema with its 
ensuing set of behaviors. Hie opposite applies to the LH and the 
optimistic schema. 3 ' 

SUMMARY 

Optimism and pessimism are both necessary for our survival 
and wellness. As in many areas of life, the 'golden mean' - the 
middle between the two extremes of excess and deficiency - is the 
desirable optimum. This classic notion is widely accepted in both 
Western and Eastern cultures which were traditionally influenced 
by the ideas of Aristotle and Confucius. These philosophers 
discussed the concepts of symmetry, proportion, harmony, balance 
and stability, and emphasized the benefits of applying these 
principles in personal life and social relationships. Nonetheless, the 
empirical literature suggests that, in regard to one's general attitude, 
being in the middle of the optimism-pessimism continuum (i.e. 
practicing 'realism') is not necessarily the best. A moderate dose 
of optimism, although it distorts one's perception of reality to 
some extent, can be advantageous. Studies that investigated the 
correlation between optimism and health suggest that optimists 
generally have better physical health [317], less cardiovascular 
diseases [318] and improved immunological functioning [319]. 



2 Although the concrete experiences of strength and weakness are encoded primarily into the motor cortex and therefore it is the neural substrate on 
which these schemas are formed on, other brain regions within each hemisphere are also involved in the planning and evaluation of actions, as well as 
in processing their emotional meaning (e.g. the joy of a child when it plays with a toy, or its pain when clumsiness results in falling). Therefore, all these 
neural networks, which are spread throughout each hemisphere, are integral parts of these schemas. 
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Furthermore, optimists and their romantic partners indicated 
greater satisfaction in their relationships [320]. 

A review of the literature on the neurophysiology associated 
with these two fundamental approaches to life suggests that opti- 
mism and pessimism are differentially associated with the two 
cerebral hemispheres. Attentiveness to the positive aspects of 
a given situation, a high self-esteem and a belief that the future 
will be bright are all mediated by the LH. The RH, in contrast, is 
generally involved in mediating a focus on the negative side, a low 
self-esteem and a gloomy view about the future. 

The biological sources of this hemispheric asymmetry in think- 
ing styles and attitudes are severalfold. The RH is relatively more 
involved in mediating fear and stress, and it serves as the brain's 
alarm system. Physiologically, the RH is primed to detect perils 
and prepare the body for dealing with threats (by activating the 
SNS). This special sensitivity of the RH is necessary for survival, 
yet it has a negative side; it entails focusing attention on what can 
potentially go wrong. Furthermore, a preoccupation with menace 
is accompanied with fear, anxiety and stress - emotions which 
further taint and bias one's perception to see the world through 
negative lenses. In addition, the RH mediation of a fearful mode 
sustains a relative passivity - inhibition, escape and avoidance 
strategies - when dealing with obstacles along the way. These 
primal biological functions of the RH shape its mode of perceiving 
the world, and therefore the RH 'sees' more potential troubles than 
potential opportunities. This biased perceptual mode gives rise to 
a general tense feeling of uncertainty and insecurity which breed 



pessimistic thoughts and attitudes. Consequently, negative views as 
well as experiences that may strengthen a pessimistic outlook on 
life are mediated by, and become assimilated into, neural networks 
in the RH which support and facilitate fear, stress, negative 
thinking patterns and their ensuing sets of actions. 

The LH, on the contrary, is biologically designed to keep the body 
in physiological equilibrium (via the PSNS) - a relaxed state that 
enables optimistic thoughts to thrive and flourish. In addition, the 
LH has a more active role in dealing with the environment. This 
fosters and encourages a proactive mindset of taking the initiative 
in dealing with life's challenges - a basic component of optimism - 
and the rewarding results further reinforce an optimistic attitude. 
Furthermore, the LH receives, from the early formative years of 
infancy, a relatively more positive sensory-motor feedback, due to 
its dexterity and smoothness of actions, compared to the RH. This 
motor fluency breeds a sense of confidence and high self-esteem - 
a feeling that one has a fair degree of control in life and capability 
to overcome potential obstacles on the way. Accordingly, optimistic 
thinking patterns and positive experiences that reinforce them 
are primarily connected with, and integrated into, neural systems 
within the LH. 
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